I. Object vision is largely invariant to changes of retinal images of objects in size and position. To reveal neuronal mechanisms of this invariance, we recorded activities from single cells in the anterior part of the inferotemporal cortex (anterior IT), determined the critical features for the activation of individual cells, and examined the effects of changes in stimulus size and position on the responses.
INTRODUCTION
A characteristic of object vision is its invariance to changes in images caused by alterations in stimulus position, viewing distance, viewing angle, and illumination. To date, however, neuronal mechanisms of this perceptual invariance has not been clarified.
Among the multiple visual areas in the monkey cerebral cortex, the anterior part of the inferotemporal cortex (anterior IT) is thought to be essential for object vision. There are three reasons. First, anterior IT represents the final stage of the ventral visual cortical pathway (Boussaoud et al. 1990; Mishkin et al. 1983; Webster et al. 1991) . Second, monkeys with bilateral lesions to the pathway show severe and selective deficits in behavioral tasks that require visual discrimination or recognition of objects (Dean 1976; Gross 1973; Mishkin et al. 1983; Yaginuma et al. 1993) . Third, cells in anterior IT respond to complex stimulus features of object images (Baylis et al. 1987; Desimone et al. 1984; Fujita et al. 1992; Gross et al. 1972; Kobatake and Tanaka 1994; Tanaka et al. 199 1) . It has often been suggested that the invariant properties of perception are realized in the responses of individual cells in anterior IT (Gross et al. 1972; Miyashita and Chang 1988; S&y et al. 1993; Sato et al. 1980; Schwartz et al. 1983 ).
Actually, Gross et al. ( 1972) found that anterior IT cells had large receptive fields across which a stimulus kept evoking responses. Sato et al. ( 1980) showed that some anterior IT cells did not change their selectivity for shapes of over certain ranges of size. Schwartz et al. (1983) showed that some anterior IT cells did not change their selectivity for Fourier descriptor frequencies when the stimuli changed in position, size, and contrast polarity. S&y et al. (1993) found that some anterior IT cells did not change their selectivity for shape when the attributes defining the contours of the shapes changed from luminance to motion direction or texture.
The results of these previous studies, however, are insufficient because of methodological limitations. The abovementioned studies examined selectivity for shape only for size ranges of 2 octaves ( 1 octave is defined as a 2-fold change), which are much smaller than ranges of size variation of object images seen in the natural environment. Also, none of the previous studies were performed systematically to determine the features critical for the activation of individual cells. Some of the stimuli used were more effective than the others, but the stimuli used were very limited compared with the extensiveness of the natural visual environment.
We thus decided to examine effects of size changes and position changes on responses of anterior IT cells and their selectivity for shape after the optimal stimulus was determined. For each individual cell, we first determined the most effective stimulus from dozens of animal and plant models and laboratory junks. Then, the feature critical for the activation was then determined by reducing the complexity of the image of the most effective object (Fujita et al. 1992; Kobatake and Tanaka 1994; Tanaka et al. 1991) . Finally, we examined effects of size changes and position changes of stimulus images. Effects of contrast reversal and outlining have been reported elsewhere (Ito et al. 1994) ) and parts of the present results have appeared in abstract form (Ito et al. 1993) .
METHODS

Preparation and recording
The general methods of preparation and recording were similar to those described previously (Ito et al. 1994; Kobatake and Tanaka 1994; Tanaka et al. 1991) . Japanese monkeys (Macaca fiscata, 4.4-8.5 kg) were prepared for repeated recordings by initial aseptic surgeries. Under anesthesia with pentobarbital sodium (35 mg/kg ip, supplemented by 10 mg/kg when necessary), a brass block for head fixation was attached to the top of the skulls, two stainless steel screws for electroencephalogram recordings were implanted in the skull, the zygoma was partially removed, and the lateral surface of the skull was exposed and covered with resin for later recordings of cell activities. Before the first session of recordings, the optics of the eyes was measured to select appropriate contact lenses, and photographs of the fundus were taken to determine the position of the fovea.
Recordings of cell activities were made once a week on each monkey. A recording session began with induction of anesthesia with ketamine hydrochloride ( 10 mg/kg im) . An endotracheal cannula was inserted through the tracheal opening, and a small hole was made in the resin-coated skull. Throughout the recording session, animals were immobilized with pancuronium bromide (0.08 mg/kg im, followed by 0.024 mgekg -'oh -' im) or gallamine triethiodide ( 10 mg/kg im, followed by 3 mg*kg -'*h-l im), and the anesthesia was maintained by artificial ventilation with a mixture of N20 and O2 (70:30) . The level of anesthesia was assessed by monitoring the electrocardiogram and electroencephalogram, and isoflurane was added to the gas mixture if necessary. Atropine sulfate (0.5 mg) was subcutaneously administered every 3 h to reduce salivation. Extracellular unit recordings were made from the dorsolateral portion of anterior IT (TEa and TEp) (Iwai and Yukie 1987; Turner et al. 1980 ) with glass-coated Elgiloy electrodes (2-5 M0 at 1 kHz). The electrodes were advanced through a pinhole in the dura mater made by a needle. The exposed dura mater was covered with paraffin to prevent it from drying and to reduce movements of the brain caused by pulsation and respiration. The position of penetration was determined with reference to a point marked on the resin-coated skull. The data presented in this paper were mostly recorded from four hemispheres (3 right and 1 left) of three monkeys, but some data were collected from three other monkeys that were prepared for other purposes.
Each recording session lasted 14-18 h. The hole in the skull was filled with resin after the recording was completed. Within a few hours after the last injection of the muscle relaxant, spontaneous respiration resumed and became normal. The monkey was returned to its home cage after an injection of an antibiotic (Pentcillin, 40 mg/kg im, Sankyo). Monkeys were regularly monitored by a veterinarian and cared for in accordance with the "Guiding Principles for the Care and Use of Animals in the Field of Physiological Science' ' of the Japanese Physiological Society.
Visual stimulation and procedure for individual cells
The pupils were dilated and the lenses relaxed by local application of 0.5% tropicamide-0.5% phenylephrine.
The corneas were covered with contact lenses of appropriate power with artificial pupils 3 mm diam. A television display (CMM 20-11, Shibasoku) was placed 57 cm from the corneas. Several retinal landmarks, such as the intersection of blood vessels and the center of the optic disk, were projected onto the display by using a reversible retinoscope (Sanso), and the position of the fovea was determined indirectly from the positions of these landmarks by referring to the photographs of the fundus. The effective area of the television display was 31 X 29 cm in size, and the picture was composed of 60 fields/s with interlacing and 512 x 480 pixels. The brightest white and darkest black colors (with room lights on) were 52.9 and 1.25 cd/m2, respectively, as measured by a luminance meter (Model 12A, Sanso) . All experiments were conducted with the room lights (fluorescent lamps) on.
After isolation of single-cell activity, we first determined the critical feature for the maximal activation of the cell. Dozens of three-dimensional (3D) objects [see Kobatake and Tanaka ( 1994) for the list of objects] were presented, first directly and next through a CCD video camera (DXC-325 or 327, Sony) and the television display, to determine the most effective stimulus. The monkeys did not have a view of these 3D objects in their home cages. We determined the most effective view angle, position, size, and background color (black or white). The video image of the most effective stimulus was simplified step by step with the aid of a computer graphic system (Nexus 600-M4, Nexus), and the critical feature was determined as the necessary and sufficient feature for the maximal activation of the cell. The simplest image that contained the critical feature was designated as the optimal stimulus. After the optimal stimulus was determined, we examined 1) tuning of responses for size, 2) effects of size changes on selectivity for shape, and 3) effects of position changes on selectivity for shape. The size of the optimal stimulus was changed so that the tested sizes covered >4 octaves. For some cells, the largest stimuli that can be presented to the television display at 57 cm (3 1 x 29") evoked responses, and then we repeated the measurement with the display at 28.5 cm.
To test effects of size changes and position changes on selectivity for shape, we made a set of stimuli composed of the optimal stimulus, suboptimal stimuli, and related but ineffective stimuli. Their sizes were changed proportionally for the test of size changes with their centers fixed at the most sensitive position of the receptive field. The smallest size within the suboptimal range was selected for the test of position changes so that the stimuli at different positions did not overlap.
The stimuli were presented through the eye contralateral to the recording site. Different stimuli being compared were always intermixed and presented 10 times in a cyclic order. They were presented for 1 s with 2-s blank intervals between trials. They moved along a circular path (without change in orientation) during the presentation time to avoid the sensory adaptation in paralyzed state. Radii of the circular translation were 0.58 or 0.29" in the test of size invariance and 0.29" in the test of position invariance. Period of the movement was 0.96 s/cycle. The magnitude of responses was represented by the mean firing rate during the stimulus presentation minus the spontaneous fring rate for the l-s period immediately before the stimulus presentation. Considering the response latency, we shifted the time window for the response within the range of 50-250 ms from the exact time of the stimulus presentation so that the mean firing rate took the maximum value. This procedure was performed independently for different stimuli even within responses of a single cell. Statistical significance of a difference in magnitude between responses to two different stimuli was analyzed by comparing two sets of 10 individual responses with the use of the Kolmogorov-Smimov test, which is nonparametric and can be applied to samples with any distribution properties. The significance of a response itself was analyzed by comparing 10 individual responses with 10 spontaneous firing rates immediately before each stimulus presentation.
The extent of the receptive fields of individual cells was determined with the use of their optimal stimuli. The borders were determined by the center of the stimuli. The receptive fields thus determined are smaller than those determined by the outer edge of the stimuli (Hubel and Wiesel 1962) and larger than those determined by the inner edge of the stimuli ( "minimum response field,' ' Barlow et al. 1967) . To minimize the difference, we used the stimuli of the smallest size, by which the cells were reliably activated.
Histology
After the final recording session was completed, several needles were inserted into the brain as reference by the same micromanipulator used for recordings. The monkey was deeply anesthetized with pentobarbital sodium and perfused intracardially. Recording sites were verified with 50-pm-thick Nissl-stained sections cut along the frontal plane. Region from which cell activities were recorded in the present study is indicated by dots on the lateral view (A ) and a frontal section at the level indicated by a vertical line in the lateral view (B). Arrow indicates the direction of penetrations. sts, superior temporal sulcus; ios, inferior occipital sulcus; amts, anterior middle temporal sulcus; pmts, posterior middle temporal sulcus.
RESULTS
The present results are based on 33 anterior IT cells for which we succeeded in determining the critical features for maximal activation. Their positions were distributed nearly throughout the entire posterior-anterior extent of anterior IT but were limited to the lateral surface, lateral to the anterior middle temporal sulcus and ventral to the superior temporal sulcus (Fig. 1 ). This region includes both the lateral part of TEa and that of TEp (Iwai and Yukie 1987; Turner et al. 1980) . The critical features were defined by complex shapes for 27 cells, combination of a shape and color for 1 cell, combination of a shape and texture for 2 cells, and combination of a shape and luminosity gradient for the remaining 3 cells. All of the receptive fields included the fovea and the square root of their area1 extent was 24.5 t 15.7" (mean t SD).
Tuning for size
The extent to which cells were invariant to changes in size is indicated by the bandwidth defined by the difference in octaves between higher and lower cutoff sizes at one-half the maximal response. One octave is defined by a 2-fold size difference. Responses of 43% of the cells ( 12 out of 28 cells) were rather specific to limited ranges of size (~2 octaves in bandwidth), whereas the remaining cells showed comparably strong responses to wider ranges of size (Fig.  2) . Especially, 21% of the cells responded to size ranges >4 octaves. The other five cells responded rather specifically to the largest size tested ( >25"). FTG. 3. Example of cells that were sharply tuned to particular ranges of size. A : optimal stimulus of the cell was a Fourier descriptor with 16 projections drawn by black line. Responses were averaged over 10 stimulus presentations. Horizontal underlines indicate the period of stimulus presentation. Inset numbers show the magnitude of responses normalized by that of the response to the optimal stimulus. Negative value indicates suppression below the spontaneous firing rate. Downward arrowheads indicate responses that were significantly smaller than the response to the optimal stimulus ( Kolmogorov-Smimov test; double arrowheads indicate P < 0.01, and single arrowheads P < 0.05). B: recording site (lefr, dot), the receptive field of the cell ( right), and site of the stimulus presentation (right, dot). C: responses to different sizes of the optimal stimulus. The cell showed a significant response only to the stimulus 5.2" in size (distance between 2 outer edges). When the size was halved or doubled, the response significantly decreased (P < 0.01). D: magnitude of responses normalized by that of the response to the optimal stimulus size. of the response to the optimal stimulus (not shown). The cell showed a significant response only to the original size of the optimal stimulus (5.2") used in the process of determining shape selectivity: a twofold size change in either direction abolished the response (C). The bandwidth at onehalf the maximum response was determined to be 1.35 octaves from the line graph connecting the data points by straight lines (0). Figure 4 shows an example of the most broadly tuned cells. The optimal stimulus was a dome-shaped structure (Aa). A disk (Ab), ellipse (not shown), square (AC), and rectangle (Ad) were not effective in evoking a response. The left half alone and the right half alone of the domeshaped structure was not effective in evoking a response either (Ae and Af). The response was selective for the orientation of the stimulus, and there was almost no response to the inverted dome-shaped structure (Ag). In spite of this distinctive selectivity for shape, the response to the optimal stimulus was preserved over a size range of 5 octaves. Although there was almost no response to the stimulus with the smallest size, this near absence of response might be caused by the deterioration of the shape because of the resolution limit of the system. The pixel interval was 0.06O.
Five out of the 33 cells responded maximally to the largest size within the tested range ( >25"), and the response was reduced by >50% upon reducing the size to one-half. Figure  5 shows an example of such cells. The optimal stimulus of the cell was a pair of white rings on a black base (Aa). Two rings were required to evoke the maximal activation, because a single ring on the black base evoked only 42% of the maximal response (Ab). The response disappeared when the rings were replaced by solid white disks (AC), similarly to the case when only a black base was presented (Ad). The shape of the outer contour of the black base was not very critical (qualitative test), but the presence of the outer con- Example of cells that maximally responded to the largest size of the optimal stimulus. A : optimal stimulus of the cell was a pair of white rings on a black base. B: recording site, the receptive field, and site of the stimulus presentation. C: responses to different sizes of the optimal stimulus. Response to the largest size was significantly larger than those to the other sizes (P < 0.01) . D: magnitude of responses normalized by that of the response to the optimal stimulus size. Hatched area indicates cells that gave a maximum response to the largest size within the range tested. Cross-hatched area indicates the broadly tuned cells for which the higher cutoff size was not determined within the tested range. Two peaks were observed at 3.4 and 27". insignificant upon further reduction (C and 0). To plot these cells in Figs. 7 and 8, their bandwidth was temporarily calcur=-0.14 lated by doubling the distance between the size at the peak and the lower cutoff size. Figure 6 shows that the optimal stimulus size varied among cells, similarly to the wide distribution of the bandwidth shown in Fig. 2 . The size was measured between the outer edges of the optimal stimulus along the longest axis. The optimal size was <2" for some cells, whereas >20" for others. There was a peak in the distribution around 3.4", and a comparable proportion of cells preferred sizes >25".
The optimal size was usually smaller than the size of the receptive field (Fig. 7, B) . The optimal size varied even among cells with similar field sizes, and there was no correlation between the optimal size and the size of the receptive field (Pearson's correlation coefficient r = 0.3 1, P > 0.05; Fig. 7, B) or between the bandwidth and the field size (r = 0.22, P > 0.2; Fig. 7 the optimal size nor the bandwidth was correlated with the anteroposterior level of the recording sites (r = 0.11, P > 0.2 and r = -0.14, P > 0.2; Fig. 8 ). The optimal size and the bandwidth were not correlated with the recording depth, i.e., the difference in micromanipulator reading between the initial unit under the dura mater and the cell (r = 0.20, P > 0.2 and I-= -0.08, P > 0.2, not shown). However, this last result does not rule out the possibility of correlation between these parameters and the cortical layer, because we did not make lesions in all the penetrations.
Effects of size changes on shape selectivity
The selectivity for shape was mostly preserved throughout the entire range of size changes, whereas subtle but statistically significant changes were found for one-half of the cells tested (8 out of 16 cells). For this part of our experiment, one or two suboptimal stimuli and one or two related but ineffective stimuli were combined with the optimal stimulus, and their sizes were changed concomitantly. Figure 9 shows an example of the cells for which we did not find any significant changes in the selectivity for shape. The optimal stimulus was a pair of black dots on a white base of a complex contour shape (Aa). The shape of the outer contour of the white base was critical (Ab and AC). The pair of dots was necessary for the maximal activation (Ae), whereas the white base of the complex contour shape evoked larger responses than those evoked by a white disk or rectangle (Ae, Af, and Ag). The pair of dots without the outer contour of the white base evoked only 23% of the maximal response (Ad). The optimal stimulus evoked responses >50% of the maximum response over a size range of 5 octaves (C). All these responses as well as the response at 0.8' were statistically significant (P < 0.01). The selectivity for shape was well preserved over this range in that were almost no responses to white rectangles (C and 0). Example of cells in which the selectivity for shape was preserved throughout the entire range of size changes. A : optimal stimulus of the cell was a pair of black dots on a white base of a complex contour shape as shown in a. B: recording site, the receptive field, and site of the stimulus presentation. C: the cell showed response to the optimal stimulus in a wide range of size (54.0-0.8" in height). Response to the white contour of complex shape without dots was -h of that to the optimal stimulus for all sizes. Arrowheads indicate the results of statistical comparison of responses with different stimuli at each size. D: magnitude of the responses normalized by that of the response to the optimal stimulus at 27".
The subtle changes in shape selectivity are exemplified in Fig. 10 . The optimal stimulus of the cell shown was a black T-shaped contour with smooth corners (Aa). A replacement of some part of the smooth comers with sharp ones reduced the response by about one-half (Ab and AC), and T-shaped contour with only sharp comers was not effective at all in evoking a response (Ad). The optimal stimulus evoked statistically significant (P < 0.01) responses in the size ranges from 12.8 to 1.6", but the responses were tuned to 3.2". The response at 3.2" was significantly greater than those at the other sizes (P < 0.05 with the responses at 6.4 and 1.6O and P < 0.01 with the others). The T-shaped contour composed of only sharp comers was consistently ineffective at any size (bottom row in C) ; however, there were statistically significant responses in the case of the T-shaped contour with partially smooth comers at 12.8' (P < 0.01)) 6.4 and 3.2' (both P < 0.05, middle row in C). The response at 12.8' was numerically the greatest, although differences between the responses at the three sizes were not statistically significant (P > 0.05).
To quantify such a subtle change in selectivity for shape, we calculated the ratio between the responses to the optimal and suboptimal stimuli for individual cycles of stimulus presentation ( suboptimal/optimal ) and compared the set of values between two sizes. The values at 3.2O and those at 6.4O are significantly smaller than those at 12.8' in the cell shown in Fig. 10 (P < 0.05, Kolmogorov-Smimov test) . Significant changes (P < 0.05) in the ratio were observed in 8 out of 16 cells tested.
Subtle changes in shape selectivity were not correlated with the bandwidth of the cells. The distribution of the bandwidth of the eight cells that showed subtle changes was not significantly different from that of the other eight cells that did not show changes (P > 0.2, Kolmogorov-Smimov test).
Effects of position changes on shape selectivity Effects of position changes on shape selectivity were examined in 18 cells, whose receptive fields ranged from 10 to 51.9" in the square root of the area1 extent. The selectivity for shape was mostly preserved over the receptive field, Example of cells for which subtle changes in shape selectivity were observed. A : optimal stimulus of the cell was a black T-shaped contour with smooth comers (a). B: recording site, the receptive field, and site of stimulus presentation. C: responses to different sizes of the optimal (top), suboptimal (middre), and ineffective control (bottom) stimuli. The optimal stimulus evoked a response significantly greater than the response to the suboptimal stimulus at 3.2", whereas the suboptimal stimulus evoked a response greater than that to the optimal stimulus at 12.8'. The difference between the 2 responses at 12.8" was not statistically significant, but populations of ratio of suboptimal/optimal responses calculated in each cycle of stimulus presentation (see the text for further explanation) were significantly larger at 12.8" than those at 6.4 and 3.2" (P < 0.05). D: magnitude of the responses normalized by that of the response to the optimal stimulus at 3.2". 11. Example of cells in which the shape selectivity was preserved throughout the receptive field. A : optimal stimulus of the cell was a combination of an ellipse in the top left and a rectangle in the bottom right. B: recording site, the receptive field, and the 5 sites of the stimulus presentation. C: responses to the optimal, suboptimal, and ineffective control stimuli at the 5 positions indicated in B. Arrowheads indicate results of statistical comparison of responses to different stimuli at each position. There were no significant differences in the suboptimal/optimal ratio between the positions. L>: magnitude of the responses normalized by that of the response to the optimal stimulus at the central position.
whereas subtle changes were observed in a definite number of cells. The selectivity for shape was tested at five positions arranged in the shape of a plus sign. The center position was set at the most sensitive part of the receptive field, and the distance between neighboring positions was 10 or 5'. Stimuli of the smallest size, by which the cell was reliably activated, were used so that the stimuli at different positions did not overlap. If the cell did not respond reliably to small stimuli, we did not perform the test for the cell. Figure 11 shows an example of cells for which we did not find any significant changes in shape selectivity. The optimal stimulus was a combination of an ellipse in the top left and a rectangle in the bottom right (A). The optimal stimulus evoked statistically significant responses at all five positions (P < 0.05 at the top position, P < 0.01 at the other positions). The proportion of responses to the optimal and suboptimal stimuli was well preserved through the entire range of position changes. The relative effectiveness of the white version of the optimal stimuli varied numerically, but the changes were not significant (P > 0.05).
The subtle changes in shape selectivity with position changes are exemplified in Fig. 12 . The cell used here is the same as that in Fig. 9 . Responses to the optimal stimulus were statistically significant at all five positions (P < 0.05 at the top position, P < 0.01 at the other positions). The 90" rotated version of the optimal stimulus evoked a significant response at the center (P < 0.01 ), but the responses at the other positions were much smaller and insignificant (P > 0.05). The ratio between the responses to the 90' rotated version and the optimal stimulus was significantly different between the middle and left positions and the bottom position (P < 0.05). The white base without dots evoked a significant response only at the left position. The ratio of the responses to the white base and the optimal stimulus, however, was not significantly different between the left and other positions (P > 0.05). Significant differences (P < 0.05) were observed in 9 out of the 18 cells tested.
The correlation between the effects of size changes and position changes on shape selectivity of individual cells was tested by Fisher's exact probability test for independence. There was no tendency for the cells that showed statistically significant changes in shape selectivity with size changes to show statistically significant changes in shape selectivity with position changes (P = 0.29, n = 12).
DISCUSSION
The present results can be summarized as follows. I) Twenty-one percent of the anterior IT cells studied here responded to ranges of size >4 octaves of the optimal stimulus, whereas 43% of the cells responded to size ranges <2 octaves.
2) The optimal stimulus size ranged from 1.7 to 30°. 3) The selectivity for shape was mostly preserved over the entire range of effective size and over the receptive field, whereas some subtle changes were observed in one-half of the cells studied here. The detection of the subtle changes in shape selectivity should have depended on the selection of suboptimal stimuli. These subtle changes, therefore, may be a more general phenomenon common to a larger proportion of anterior IT cells than that reported here.
These results are consistent with the previous results. Sato et al. ( 1980) showed for the first time preserved shape selectivity over 2 octaves of size changes, Schwartz et al. ( 1983) showed preserved tuning for frequencies of Fourier descriptors over 1 octave of size changes and 3-5' of position changes, and S&y et al. ( 1993) reported preserved shape selectivity over a size range of 2 octaves and 4-5' of position changes. Because these previous studies tested size ranges of only 1 or 2 octaves, they failed to detect the presence of sharply tuned cells. Rolls and Baylis ( 1986) , using face images and recording responses from cells deep in the superior temporal sulcus, observed a wide range of the optimal size and bandwidth. The subtle changes in shape selectivity might be missed by the previous studies because they did not determine the critical features for individual cells. Although the present results might be influenced by the anesthesia (Rodman et al. 199 1) , they are consistent with the previous results that were obtained in unanesthetized conditions (Rolls and Baylis 1986; S&y et al. 1993; Sato et al. 1980 ). Cells that preferably responded to complex features have recently been found in the posterior part of IT (posterior IT), which is one step earlier along the ventral visual pathway, and V4, which is one step further earlier (Gallant et al. 1993; Kobatake and Tanaka 1994) . The receptive fields of such cells in the two areas were much smaller than those in anterior IT (Kobatake and Tanaka 1994) . The positional invariance of anterior IT cells should be based on convergence of inputs from multiple posterior IT cells that respond to the same feature but at different positions within the large receptive field of the anterior IT cell (Kobatake and Tanaka 1994) . Such convergence may continue to occur in anterior IT, because the size of the receptive field varies even within anterior IT. Yet another possibility has previously been considered (p. 866 of Kobatake and Tanaka 1994) . There are no data for effects of size changes in the earlier areas.
We pose two ideas with regard to the concomitant presence of the two types of cells: cells that are sharply tuned to particular ranges of size and those that respond to wide ranges of size. One idea is that the size-selective cells are at early stages in the process of constructing the invariant shape selectivity. The invariance to size changes may be constructed within anterior IT by convergence of multiple cells that respond to the same feature at different size ranges. Another idea on the function of the tuned cells is that they preserve information of the size of features, which assists in the binding of different features. The features represented by cells in anterior IT are not complex enough to conceptualize objects existing in the natural environment (Desimone et al. 1984; Kobatake and Tanaka 1994; Tanaka et al. 199 1) , and cells that respond to similar features cluster in columnar regions (Fujita et al. 1992) . Activities at several different columnar sites should be combined to conceptualize these objects. Information on the size of individual features should be preserved to combine different features appropriately.
The subtle changes in shape selectivity caused by size and position changes can also be discussed in two ways. The subtle changes may indicate the incompleteness of shape selectivity at the level of individual cells. Shape selectivity will become more invariant at population level by summing up responses of individual cells with similar selectivity. Al- FIG. 12. Example of cells in which subtle changes in shape selectivity were observed. This is the same cell as that shown in Fig.  9 . A: responses to the optimal, suboptimal, and ineffective control stimuli at the 5 positions indicated in C. The ratio of the response to the 90° rotated version to that to the optimal stimulus was significantly different between the center and left positions and the lower position. B: magnitude of the responses normalized by that of the response to the optimal stimulus at the center position. C: sites of stimulus presentation.
ternatively, the size, position, and shape are dependent on each other during processing. Anterior IT may function not only to code the image of an object to discriminate it from others, but also to calculate the similarity of the image with those of other objects (Tanaka 1993) . The calculated similarity may be used for generalization and association. The size of input images may be one of the factors that modify generalization and association.
There are psychophysical data supporting the fact that the matching of images requires extra time if the sample and matched images have different sizes (Besner 1983; Bundesen and Larsen 1975; Jolicoeur 1987) . These reports suggest that images are stored in a size-specific manner in the longterm memory and extra time is used to scale the images. The present data that one-half of anterior IT cells were specific to particular ranges of size are consistent with these psychological data. However, another psychophysical study showed that visual priming was not influenced by size changes (Biederman and Cooper 1993) . The effects of size changes on reaction time depends on the manner of testing. The psychological performance may also depend on the level of recognition, i.e., category level, subordinate level, or individual level. More psychophysical experiments are needed to closely relate the present results to psychophysical processes.
